ABSTRACT
INTRODUCTION
In 2005 the Italian Regulatory Authority for Electricity and Gas (Autorità per l'Energia Elettrica e il Gas, AEEG) promoted a PQ monitoring campaign with the main objective of knowing the present performance of the MV distribution networks in terms of PQ parameters. This monitoring campaign is carried out by means of the Italian MV power quality monitoring system named QUEEN. The monitoring system, financed by the Research Fund for the Italian Electrical System, has been realized by CESI RICERCA. The 2007 CIRED Conference paper 0042 [1] gave a first report on the objectives and organization of the project and some initial highlight of the campaign statistics for 2006. Today the monitoring has been working for more than 3 years on 600 instruments distributed all over the Italian territory and is going to consolidate the characterization of the Italian MV network from the PQ point of view.
THE ITALIAN MV POWER QUALITY MONITORING SYSTEM
The Italian system for PQ monitoring of MV distribution networks is thoroughly described in [1] and [2] . For the reader's reference, the main features of the system are the following:
System structure
The system consists of four main parts. A -600 measurement units (MU). B -Voltage and current transducers. C -The Central System for data collection and storage. D -The system, named QUEEN, for the final processing and reporting of the PQ parameters (http://queen.cesiricerca.it).
Power quality indices
The PQ parameters monitored are the following: 1) supply voltage variations; 2) supply voltage dips and swells; 3) voltage interruptions; 4) flicker; 5) supply voltage unbalance; 6) rapid voltage changes. In addition to the above voltage parameters, currents and current harmonics are monitored in MV points of common coupling.
Network points monitored
400 MV bus-bars in HV/MV substations (corresponding to 11% of the MV networks) selected to represent as far as possible the Italian territory and its environmental conditions. A map of the installations is given in Figure 1 . 
Characteristics of the measuring chain
It is recalled that, as mentioned in [1] , the measurement units are connected to the LV side of pre-existing voltage transformers in the HV/MV substations. The monitoring of PQ parameters is performed according to the procedure IEC EN 61000-4-30 [3] . The primary windings of the voltage transformers being connected between phase and ground, single phase-to-ground faults or line energizations may cause the saturation of the voltage transformers. This may affect the overall measuring performances giving rise, especially in MV networks operated with isolated neutral, to "false voltage dips". At present, in order to cope with this potential drawback, a digital filter based on the asymmetry of the measured voltage waveform is active. A more advanced criterion, based on the detection of a second harmonic component in the measured voltages, has been developed in cooperation with the Polytechnics of Turin and is presently under test. It is observed that "false voltage dips" mainly occur at single line fault extinction. True voltage dips in the MV networks (apart those originated in HV or caused by fuse operations in MV) are as many as the events of double or three line faults (followed by circuit breaker operation). The number of these events is only lightly influenced by the neutral status. For this reason, the over 200 monitored networks operated with compensated neutral, give a good view of the dip performance also of neutral isolated networks.
CHARACTERISATION OF VOLTAGE DIPS AFTER 3 YEAR CAMPAIGN
Preliminary note. Voltage dips on a single measuring location, show a very high variability during the time. As a consequence the dip performance of a single network results unpredictable. On the contrary all global PQ indices (for example the average number of dips per measuring point in a sufficiently large subset of the MV bus bars monitored) are not so much variable and can be taken to analyse the trends of global PQ performance and to some extent the influence of network parameters or systematic differences in different areas. 
Summary of voltage dip measurements

Pattern of Voltage Dips in the residual voltage/duration plane (Ures -T).
A greater detail of the voltage dip phenomenon is reported in the following figures that show the maps of the events in the residual voltage/duration plane (Ures -T). Figure 2 shows the data elaborated considering the entire period, for the MV network operated with Compensated Neutral. Figure 3 shows the pattern of the voltage dips originated in the HV network and transferred to the MV network. 
Estimation of pattern and statistics of Voltage Dips in common coupling points alng the lines
The analysis of voltage dips recorded on the sample of 92 measurement units installed along the MV lines supplied by monitored bus-bars [1] confirmed that: 
DIP PERFORMANCE OF THE MV NETWORKS ON THE ITALIAN TERRITORY.
In The two global indices are indicated in the following as N2(a) and N3(a) respectively. To analyse the regional differences, the Italian territory has been divided into four parts ( Figure 1 ) that contain almost the same number of MV bus bars monitored, as shown in Table 2 . Table 4 gives the indices N2(a) and N3(a), in the 3 years of monitoring and for the four areas into which the Italian territory has been divided according to Figure 1 . The dip performance differences in the Italian territory are quite consistent and deserve a thorough analysis. Structural parameters (the voltage level, the status of neutral, the length of overhead lines and the length of cables etc.) have been evaluated as possible concurring cause in order to derive possible interdependencies among the dip performance of networks and the four areas. Table 5 reports the structural parameters of the lines in the different Italian regions. As shown in Table 5 , Area A4 (Southern regions of Italy: Campania, Puglia, Basilicata, Calabria, Sicily) is characterised by a lower presence of networks operated with isolated neutral, by a higher voltage level (e.g. use of 20 kV is more frequent than in other areas of Italy), by a higher length of overhead lines (about 20% higher with respect to the national average), while the length of cable lines fits the Italian average. The influence of lightning has also been taken into consideration: southern regions having been subject to a lower keraunic level than the other regions during the three years of monitoring, this parameter cannot be the driving force for this different performance score. Though differences in structural parameters across the four areas of the system are not negligible, it seems hard to justify such a huge dip performance variation on this basis. Furthermore, we observe that the worst dip performance values substantially affect the same set of Italian regions in the Southern area, which are characterised by poor performances in terms of continuity of supply (reference Annual Report AEEG 2008). As the past regulation determined significant improvement in quality of service (e.g. a 70% reduction of total SAIDI in seven years, excluding only transmission blackout and load shedding due to generation inadequacy), it might be expected that the new SAIFI+MAIFI regulation could determine a reduction of both long and short interruptions. Alongside the expected improvement of continuity of supply, an improvement of Italian distribution system performance, in terms of voltage dips, might be expected.
REGULATION ISSUES
